INTRODUCTION
============

Pneumorrhachis (PR), which is characterized by air formed within the spinal canal, is a very rare condition that is generally associated with trauma and surgical procedures. The causes can be classified as iatrogenic, non-traumatic and traumatic, which is the rarest among the three. The precise mechanisms are unknown. PR is usually asymptomatic and clinically non-specific, and it does not tend to migrate, but it gets reabsorbed spontaneously into the bloodstream over the period of several days. Therefore, the patients with PR are normally managed by conservatively treatment \[[@B1],[@B2]\].

Although PR arising secondarily to traumatic causes is rare, it has been observed in the patients with bone fractures and spinal injuries. Presenting with pain or neurological injuries are uncommon, thus they are usually diagnosed accidentally by radiographic imaging, such as computed tomography (CT) \[[@B1],[@B2]\]. This paper reports a rare case of an atypical traumatic pneumorrhachis accompanied by paraparesis; reviews of literature are also included for references.

CASE REPORT
===========

A 51-year-old male was admitted to the hospital after a chest trauma caused by ironware which fell from the tractor. He presented with chest pain and difficulty in breathing.

Upon the arrival, his vital signs were normal, and the chest radiograph revealed fractures of the right 2nd to 4th and left 1st to 6th ribs, accompanied by a hemopneumothorax. A closed reduction and lung suture were performed immediately. CT revealed a diffuse air in thoracic epidural space, but there were no clinical symptoms. Therefore conservative treatment was conducted ([Fig. 1](#F1){ref-type="fig"}).

After the surgical procedures, the patient complained of dysuria, dyschezia, and motor weakness and numbness in the both lower limbs. On the physical examination, the muscle tone of the upper limbs were normal, hypertonia was observed in the lower limbs, the deep tendon reflex was increased in the knee and ankle joints, and ankle clonus was exhibited on both ankle. Through these observations, an upper motor neuron lesion was suspected.

According to the manual muscle test, the muscular strength of both upper extremities was normal, and there was no difference in muscular strength between the lower limbs. The flexor/extensor muscles of the hip decreased to 4/5, and the flexor/extensor muscles of the knee joints and the flexor muscles of the instep/sole decreased to 3/5. These explain why the patient felt awkward while standing up and while walking. Consequently, the distance the patient was able to walk significantly decreased. According to the neurologic examinations, he showed hypoesthesia and muscle weakness from the dermatomere of T3, but anal constrictions could be performed voluntarily. Based on the motor and sensory nerve function, T2 in paresis was neurologically damaged. This is classified by the American Spinal Injury Association Impairment Scale as grade D, motor incomplete. From the thoracic magnetic resonance imaging (MRI) findings, the volume of air was reduced but the focal high intensity was observed in the T2 area ([Fig. 2](#F2){ref-type="fig"}).

Electrodiagnosis was performed 4 weeks after the injury. The conduction test of the motor and sensory nerves showed a normal latency and amplitude in both lower limbs, and the latency bulbocavernosus and H-reflex in both sides were normal ([Table 1](#T1){ref-type="table"}). Measurements of the motor evoked potential at both abductor hallucis muscles were done by stimulating the head ([Fig. 3A](#F3){ref-type="fig"}), and the somatosensory evoked potential for both tibial nerves ([Fig. 3B](#F3){ref-type="fig"}) revealed a delay in the transcranial area. In the needle electromyographic test, a high level of abnormal spontaneous activity was observed in the paravertebral muscles and lower limb muscles from the T3 to S1 segments, which reveals the complications of incomplete thoracic myelopathy and thoracolumbar radiculopathy ([Table 2](#T2){ref-type="table"}).

In the hospital, the patient was enrolled in a rehabilitation program for exercising to strengthen the muscles of the lower limbs, stimulating the functional nerve roots, training for standing up, and receiving gait training. During this period, he complained of the residual urine and dysuria. Therefore, behavioral management, clean intermittent catheterization, and chemotherapy were applied for easing the urination. Two months after the injury, the manual muscle test on the hip joint flexor, knee joint extensor, and instep flexor muscles revealed the score of 5/5, whereas the hip joint extensor, knee joint flexor, and sole flexor muscles revealed a score of 4/5. The patient could walk long distances with ease, including the standing up. After discharge, he returned to his normal daily life and he is under continual observation.

DISCUSSION
==========

PR is a condition characterized by air in the intraspinal canal, which is usually diagnosed incidentally while examining other coincidental injuries and disease. The air could be detected by images, such as plain radiograph, MRI, and CT scan which is especially helpful \[[@B2]\].

The causes of PR are generally classified into iatrogenic, non-traumatic and traumatic \[[@B1],[@B2]\]. This iatrogenic PR can result from various surgical interventions, anesthetics, and certain processes of diagnostic techniques \[[@B3],[@B4]\]. The non-traumatic etiologies include vertebral degeneration, malignancy and its associated therapy, infectious diseases by gas-forming organisms, etc. \[[@B5],[@B6]\]. The PR secondary to traumatic causes is rare and it includes head, cervical, thoracic, abdominal and pelvic injuries or combinations of different injuries including spinal trauma \[[@B7]\].

PR can be classified as intradural or extradural, based on the locations of the air. The extradural PR is generally harmless, whereas the intradural PR is frequently associated with major trauma, and it is used as a marker for severe injuries \[[@B1]\].

The pathway through which the air spreads from the posterior mediastinum to the epidural space is unclear. One possible pathomechanism for epidural PR is that the air present in the posterior mediastinum cuts through the fascial planes through the neural foramina and into the epidural space, with the driving pressure from a pneumothorax or pneumomediastinum, because there is no true envelope protecting the epidural space \[[@B8]\]. Another probable mechanism might be the posterior mediastinal air spreading into the epidural space by direct migration through air embolization in the mediastinal veins and vertebral vein plexus of the inner vertebral body \[[@B9]\]. The authors support these hypotheses that the above two mechanisms were involved compositively with the epidural PR in this case, because multiple rib fractures and hemopneumothorax occurred after the chest injury. On the other hand, it was reported that the trauma of a degenerated spinal disc, containing gas due to vacuum phenomenon, can lead to air formation in the epidural space via degenerative fibrocartilage and disc fissures \[[@B2]\]. This hypothesis, however, can be excluded in the present case because vacuum phenomenon was not present, and the vertebra and discs showed normal radiologic findings.

Although only a few cases of PR have been reported in Korea, most of their causes were iatrogenic and non-trauma. One case was accompanied by myelopathy and cauda equina syndrome, and the PR occurred as a result of these degenerative diseases. In this case of PR, which occurred secondarily to trauma, only the minor symptoms relating to PR were reported without any signs of neural damage \[[@B10]\]. The present case is a very rare incident that occurred secondarily to traumatic epidural PR, which is accompanied by paraparesis and a decreased sensation of the lower limbs. The spinal cord injuries are believed to have resulted from the pressure and distortion in the opposite directions by the air located in anterior (above T2) and posterior (below T2) epidural space ([Fig. 1](#F1){ref-type="fig"}).

PR is usually asymptomatic and clinically non-specific, but there are a few reported cases with patients showing discomforts and sensory disturbances. The air within the spinal cord does not tend to migrate, and they usually get spontaneously reabsorbed into the bloodstream over a period of several days. Therefore, the patients with PR were normally managed conservatively \[[@B2]\]. Accordingly, this patient was managed by rehabilitation programs and medications. The muscle power of his lower limbs eventually recovered sufficiently enough to allow him to walk independently. The failure of an early diagnosis and treatment can delay the recovery and worsen the prognosis.

In conclusion, the early detection, a proper neurological examination, and a rehabilitation evaluation are crucial for the PR secondary to trauma accompanied by neurological symptoms. These are expected to maximize the functional recovery of the patients for their rapid return to daily life. In addition, this condition should draw more attention in the field of rehabilitation medicine.
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![Sagittal computed tomography image showing an extension of epidural air at the thoracic spine (arrows). (A) Air is present in the anterior epidural space above the T2 level. (B) Air is present in posterior epidural space below T2 level.](arm-38-410-g001){#F1}

![Magnetic resonance imaging of thoracic spine. (A) Sagittal T2-weighted image shows a focal high signal intensity of the spinal cord at the T2 (arrow) level. (B) Axial T2-weighted image shows the posterior epidural air at the T2 (arrow) level.](arm-38-410-g002){#F2}

![Motor evoked potential (MEP) and somatosensory evoked potential (SEP) findings. (A) Onset latency of the MEP recording of the abductor halluces (Rt. 47.3 ms, Lt. 46.7 ms). (B) Onset latency of tibial SEP (P37; Rt. 46.9 ms, Lt. 46.0 ms). NCV, nerve conduction velocity.](arm-38-410-g003){#F3}

###### 

The results of nerve conduction studies

![](arm-38-410-i001)

OL, onset latency; CV, conduction velocity; SNAP, sensory nerve action potential; CMAP, compound muscle action potentials; EDB, extensor digitorum brevis muscle; AH, abductor hallucis muscle; GCM, gastrocnemius muscle; BC, bulbocavernosus muscle.

^a)^Amplitudes are measured in millivolt (mV, motor) and in microvolt (µV, sensory).

###### 

The results of needle electromyography
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PSW, positive sharp wave; MUAP, motor unit action potential; EHL, extensor hallucis longus; Long, long duration; poly, polyphasic motor unit action potentials.
